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Figure 1. Schematic diagram illustrating the underlying physical mechanism. 
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FIGURE 2. In this geometry, no electrostatic or magnetostatic fil- 
tering is employed, but the electron energy spread may be reduced 
by use of multiple laser beams or a density discontinuity to inject 
electrons at a prescribed phase. 
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FIGURE 3. DQ configuration. A sector magnet is used in conjunc- 
tion with a quadrupole to reduce the energy spread of the electron 
beam. 
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Figure 4. QQQD configuration. In this case, the energy spread of 
the electron beam is reduced and the electron source is imaged to 
the interaction region by use of three quadrupoie magnets followed 
by a dipole. 



Title: ULTRA-SHORT WAVELENGTH X-RAY SYSTEM 
Inventor(s): Donald Umstadter, et al 
Atty. Ref.: 21 15D-002758 



5/13 




1 laser system 

2 beamsplitter 

3 planar mirror 

4 planar mirrcr 

5 planar mirror 

6 delay sage 

7 compressor! 

8 parabolic mirror 



9 parabofic mirror 

10 gas jet 

H 1 sector magnet I 
1? compressor II 

13 vacuum chamber 

14 window 

15 mirror 



15 exit pen 

17 scanning stage 

18 quadrupcle magnet I 

19 quadrupcle magnet II 

20 quadrupole magnet til 
61 sector magnet II 



Figure 5. DQDQQ configuration. In this case, the energy spread 
of the electron beam is reduced and the electron source is imaged 
to the interaction region by use of a quadrupole magnet between 
two dipoles followed by two more quadrupoles. 
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Figure 6. Oscillator-amplifier configuration. The components are 
the same as in Fig. 4, but another synchronized laser beam has been 
added, a harmonics pump laser beam which is split off with a 
beam splitter and independently delayed by a delay line in similar 
fashion to the amplifier pump beam. (The optics used to split the 
beam and delay it, along with those used to do the same for the 
other two laser beams from Fig. 4 are not shown.) This beam is 
focused to a gas jet (22) by a parabolic mirror (Si) with a hole in 
it, through which the electron beam passes. The radiation from 
the gas jet seeds the amplifier. The same QQQD configuration of 
Fig. 4 is used to reduce the energy spread of the electrons, but only 
the dipole magnet (51) is shown. 
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Figure 7. Oscillator-amplifier configuration (enlarged). This fig- 
ure shows an enlarged version of final optics from Fig. 6. 
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Figure 8. Oscillator-amplifier configuration. The components are 
the same as in Fig. 6, but a DQDQQ configuration of Fig. 5 is used 
to reduce the energy spread of, and image, the electrons. 
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Figure 9. Dual amplifier configuration. A second amplifier stage 
is added, in which a second electron beam and a second pump laser 
are used, after the seeding stage and the first amplifier of Fig. 6. 
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Figure 10. Exponential gain in XUV regime. 
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Figure 11. Incoherent XUV source. 



Title: ULTRA-SHORT WAVELENGTH X-RAY SYSTEM 
Inventor(s): Donald Umstadter, et al 
Atty. Ref.:2115D-002758 



12/13 





400 




350 




300 




250 ■ 








200 






CL 


150 




100 




50 




% 



72 



74 



a=1,E^ =2.27MeV 
beam 

AE/E. =0.03 
beam 

e=1mm.mrad 



76 0)/(0j 8 



80 



82 



84 



Figure 12. Collective gain with finite energy spread and trans- 
verse emittance. 
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Figure 13. 
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